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Factors affecting drug and gene delivery: effects of interaction with 
blood components. 

Opanasopit P, Nishikawa M, Hashida M. 

Department of Drug Delivery Research, Graduate School of Pharmaceutical 
Sciences, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan. 

Targeted drug delivery systems have been used extensively to improve the 
pharmacological and therapeutic activities of a wide variety of drugs and genes. In 
this article, we summarize the factors determining the tissue disposition of delivery 
systems: the physicochemical and biological characteristics of the delivery system 
and the anatomic and physiological characteristics of the tissues. There are several 
modes of drug and gene targeting, ranging from passive to active targeting, and 
each of these can be achieved by optimizing the design of the delivery system to 
suit a specific aim. After entering the systemic circulation, either by an 
intravascular injection or through absorption from an administration site, however, 
a delivery system encounters a variety of blood components, including blood cells 
and a range of serum proteins. These components are by no means inert as far as 
interaction with the delivery system is concerned, and they can sometimes 
markedly effect its tissue disposition. The interaction with blood components is 
known to occur with particulate delivery systems, such as liposomes, or with 
cationic charge-mediated delivery systems for genes. In addition to these rather 
nonspecific ones, interactions via the targeting ligand of the delivery system can 
occur. We recently found that mannosylated carriers interact with serum mannan 
binding protein, greatly altering their tissue disposition in a number of ways that 
depend on the properties of the carriers involved. 

PMH): 12627613 [PubMed - in process] 
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Targetable HPMA copolymer-adriamycin conjugates. Recognition, 
internalization, and subcellular fate. 

Omelyanenko V, Kopeckova P, Gentry C, Kopecek J. 

Department of Pharmaceutics and Pharmaceutical Chemistry, University of Utah, 
Salt Lake City 84112, USA. 

Recognition, internalization, and subcellular trafficking of 
N-(2-hydroxypropyl)methacrylamide (HPMA) copolymer conjugates containing 
N-acylated galactosamine (GalN) or monoclonal OV-TL16 antibodies (Ab) have 
been investigated in human hepatocarcinoma HepG2 and ovarian carcinoma 
OVCAR-3 cells, respectively. The intrinsic fluorescence of fluorescein or 
adriamycin (ADR) attached to HPMA copolymers permitted us to follow the 
subcellular fate of HPMA copolymer conjugates by confocal fluorescence 
microscopy and fluorescence spectroscopy. The pattern of fluorescence during 
incubation of HPMA copolymer- ADR-GalN conjugate containing lysosomally 
degradable tetrapeptide (GFLG) side-chains with HepG2 cells was consistent with 
conjugate recognition, internalization, localization in lysosomes, followed by the 
release of ADR from the polymer chains and ultimately diffusion via the cytoplasm 
into the cell nuclei. A similar pattern was observed in OVCAR-3 cells for Ab 
targeted HPMA copolymer conjugates. To test our hypothesis that 
HPMA-copolymer-bound anticancer drugs will be inaccessible to the 
energy-driven P-glycoprotein efflux pump in multidrug resistant (MDR) cells, we 
have compared the internalization of the HPMA copolymer- ADR conjugates by 
sensitive (A2780) and ADR-resistant (A2780/AD) ovarian carcinoma cell lines. 
Preliminary data on relative retention of ADR in MDR (A2780/AD) cells indicate a 
higher intracellular ADR concentration after incubation with HPMA 
copolymer- ADR conjugate when compared to incubation with free (unbound) 
ADR. 

PMID: 974191 1 [PubMed - indexed for MEDLINE] 
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Relationship between the subcellular localization and structures of 
catalytic domains of FKBP-type PPIases. 

Himukai R, Kuzuhara T, Horikoshi M. 

Laboratory of Developmental Biology, Department of Cellular Biology, Institute of 
Molecular and Cellular Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo, 
113-0032, Japan. 

The Schizosaccharomyces pombe gene, fkp39(+), encoding a homolog of 
FKBP(FK506 binding protein)-type peptidyl prolyl cis-trans isomerase (PPIase), 
was isolated and the primary structure was determined. This gene product 
(SpFkbp39p) showed PPIase enzymatic activity in a chymotrypsin-dependent 
enzyme assay involving recombinant SpFkbp39p. Comparison of the primary 
structures of the catalytic domains of FKBPs, including SpFkbp39p, revealed that 
FKBPs could be classified into four groups. This categorization corresponding to 
the known subcellular localization of the FKBPs, makes the prediction of the 
subcellular localization of FKBPs based on their primary structures feasible. 
SpFkbp39p was considered to be a member of the nuclear-type FKBP group from 
this relationship between primary structure and subcellular localization. An 
immunofluorescence assay against HA-epitope-tagged SpFkbp39p revealed that 
SpFkbp39p is localized to the nucleus, as predicted. Residues conserved in a 
"group-specific" manner in the catalytic domain were mapped to their 
corresponding three-dimensional positions; these "group-specific" residues were 
located in close proximity in distinct regions mostly on the protein surface, which 
implies the presence of "group-specific" regulatory functional regions. We also 
found that nuclear-type FKBPs, including SpFkbp39p, have two highly conserved 
domains other than catalytic ones, with further basic and acidic charged regions, 
especially in the case of nuclear-type FKBPs. This is the first report indicating that 
there is a rule for the relationship between the subcellular localization and structure 
of the catalytic domain of a FKBP. 
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Cellular delivery of oligonucleotides by synthetic import peptide 
carrier. 



Dokka S, Toledo- Velasquez D, Shi X, Wang L, Rojanasakul Y. 

Department of Basic Pharmaceutical Sciences, West Virginia University, School of 
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PURPOSE: Inefficient cellular uptake and endosomal entrapment are among the 
obstacles impeding the therapeutic use of oligonucleotides (ONs). The objectives 
of this study are to investigate the feasibility of utilizing a synthetic import peptide 
as a drug carrier for cytoplasmic delivery of ONs and to study its transport 
mechanisms. METHODS: A molecular conjugate consisting of a signal import 
peptide (IP) derived from Kaposi fibroblast growth factor (K-FGF) and a 
polycationic ON linker, polylysine (PL), was synthesized and complexed with 5' 
fluorescently-labeled ON. Complex formation was verified by spectral shift assay 
and cellular uptake of the ON complex was studied fluorometrically. Microscopic 
studies were performed to visualize the intracellular distribution of the ON. 
RESULTS: Cells treated with the ON:IP-PL complex exhibited a dose-dependent 
increase in ON uptake over free ON-treated controls. The uptake of the complex 
was shown to occur via an energy-independent, non-endocytic, process since 
metabolic and endocytic inhibitors and low temperature did not prevent the uptake. 
Microscopic studies revealed a non-punctate fluorescence pattern, consistent with 
the non-endocytic transport process. Intense nuclear fluorescence was observed in 
cells treated with the complex but not with free ON, suggesting enhanced 
cytoplasmic delivery and nuclear accumulation of the ON by the conjugate. 
Efficient complex uptake was shown to require both the ON-binding moiety PL 
and the IP moiety. The delivery system was found to be non-toxic at the 
concentrations used. CONCLUSIONS: The peptide carrier was effective in 
promoting the cellular uptake of ON. The mechanism by which the peptide 
facilitates ON uptake appears to involve a direct translocation of ON via a 
non-endocytic process. The peptide carrier has the potential to overcome the 
problem of ON endosomal entrapment and degradation. 
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Bifunctional inhibitor mols. and methods for their use in the 
inhibition of protein-protein interactions are provided. The subject 
***bifunctional*** inhibitor mols. are conjugates of a target protein ligand 
and a blocking protein ligand, where these two moieties are optionally joined 
by a linking group. In the subject methods, an effective amt . of the 
***bifunctional*** inhibitor mol . is administered to a host in which the 
inhibition of a protein-protein interaction is desired. The 

***bifunctional*** inhibitor mol. simultaneously binds to its corresponding 
target and blocking proteins to produce a tripartite complex that inhibits the 
target protein-protein interaction. The subject methods and compns . find use 
in a variety of applications, including therapeutic applications. 
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WHAT IS CLAIMED IS : 

1 . A non-naturally occurring Afunctional inhibitor molecule of less than about 5000 daltons that 
inhibits a binding event between a first target protein and a second binding protein, said bifunctional 
inhibitor molecule consisting of: 

a target protein ligand and a blocking protein ligand optionally joined by a linking group; 
wherein said bifunctional inhibitor molecule is capable of simultaneously binding said target 
protein and said blocking protein in a manner sufficient to inhibit said binding event. 

2. The bifunctional inhibitor molecule according to Claim 1 , wherein said bifunctional inhibitor 
molecule comprises a linking group. 

3. The bifunctional inhibitor molecule according to Claim 1, wherein said bifunctional inhibitor 
molecule binds to a site of said target protein that is also bound by said second binding protein. 

4. The bifunctional inhibitor molecule according to Claim 1 , wherein said bifunctional inhibitor 
molecule binds to a site of said target protein that is not bound by said second binding protein. 

5. The bifunctional inhibitor molecule according to Claim 1 , wherein said blocking protein is an 
extracellular protein. 

6. The bifunctional inhibitor molecule according to Claim 1, wherein said blocking protein is an 
intracellular protein. 

7. The bifunctional molecule according to Claim 6, wherein said blocking protein is a peptidyl 
prolyl isomerase. 

8. A synthetic bifunctional inhibitor molecule of less than about 5000 daltons and capable of 
inhibiting a binding event between a first target protein and a second binding protein, wherein said 
bifunctional inhibitor molecule is of the formula: 

Z-L-X 

wherein: 

X is target protein ligand; 
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L is a bond or a linking group; and 

Z is different from X and is a blocking protein ligand; 

wherein said bifunctional inhibitor molecule is capable of simultaneously binding to said 
target protein and said blocking protein in a manner sufficient to inhibit said binding event. 

9. The bifunctional inhibitor molecule according to Claim 8, wherein X binds to a site of said 
target protein that is also bound by said second binding protein. 

1 0. The bifunctional inhibitor molecule according to Claim 8, wherein X binds to a site of said 
target protein that is not bound by said second binding protein. 

1 1 . The bifunctional inhibitor molecule according to Claim 8 , wherein X has a molecular weight 
of from about 50 to 2000 D. 

12. The bifunctional inhibitor molecule according to Claim 8, wherein said target protein is an 
extracellular protein. 

1 3. The bifunctional inhibitor molecule according to Claim 8, wherein said target protein is an 
intracellular protein. 

14. The bifunctional inhibitor molecule according to Claim 13, wherein said blocking protein is a 
peptidyl prolyl isomerase. 

15. The bifunctional inhibitor molecule according to Claim 8, wherein Z has substantially no 
pharmacologic activity apart from binding to a blocking protein. 

1 6. A method for inhibiting a binding event between a first target protein and a second binding 
protein in a host, said method comprising: 

administering to said host an effective amount of a bifunctional inhibitor molecule of less 
than about 5000 daltons consisting of a target protein ligand and a blocking protein ligand optionally 
joined by a linking group, wherein said bifunctional inhibitor molecule is capable of simultaneously 
binding said target protein and said blocking protein in a manner sufficient to inhibit said binding 
event; 
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whereby a tripartite complex comprising said bifunctionai inhibitor molecule, said target 
protein and said blocking protein is produced that inhibits said binding event. 

1 7. The method according to Claim 1 6, wherein said bifunctionai inhibitor molecule comprises a 
5 linking group. 

1 8. The method according to Claim 1 6, wherein said bifunctionai inhibitor molecule binds to a 
site of said target protein that is also bound by said second binding protein. 

10 19. The method according to Claim 1 6, wherein said bifunctionai inhibitor molecule binds to a 
site of said target protein that is not bound by said second binding protein. 

20. The method according to Claim 1 6, wherein said tripartite complex is produced 
intracellularly. 

15 

21. The method according to Claim 16, wherein said tripartite complex is produced 
extracellularly. 

22. The method according to Claim 1 6, wherein said blocking protein is endogenous to said 
20 host. 

23. The method according to Claim 22, wherein said blocking protein is selected from the group 
consisting of: peptidyl-prolyl isomerases, Hsp90, steroid hormone receptors, cytoskeletal proteins, 
albumin and vitamin receptors. 

25 

24. The method according to Claim 1 6, wherein said bifunctionai inhibitor molecule is 
administered as a pharmaceutical preparation. 

25. A pharmaceutical preparation comprising a bifunctionai inhibitor molecule according to 
30 Claim 1. 

26. A kit comprising the pharmaceutical preparation according to Claim 25 and instructions for 
use in a therapeutic method. 
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moiety and a targeting moiety, where these two moieties are optionally joined 

by a linking group. The bifunctional mols. are further characterized 

in that they exhibit a modulated biodistribution upon administration to a host 

as compared to a free drug control. The subject targeted bifunctional 

mols. find use in a variety of therapeutic applications. For example, a 

***bifunctional*** mol . consisting of a drug moiety covalently joined to 

sulfisoxazole which is extensively bound by albumin, via an inert linking group 

is formed. When this bifunctional mol. enters the human circulation, 

it is bound by albumin which keeps the drug of interest in the extracellular 

environment . 
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1 . A non-naturally occurring bifunctional molecule of less than about 5000 daltons consisting of a drug 
moiety and a targeting moiety, wherein said drug moiety and said targeting moiety are optionally joined by a 
linking group and said biiunctional molecule exhibits a modulated biodistribution upon adrninistration to a 
host as compared to a free drug control. 

2. The bifunctional molecule according to Claim 1, wherein said bifunctional molecule comprises a 
linking group. 

3 . The bifunctional molecule according to Claim 1 , wherein said bifunctional molecule does not 
include a linking group. 

4. The bifunctional molecule according to Claim 1 , wherein said bifunctional molecule exhibits 
increased efficacy upon adrninistration to a host as compared to a free drug control. 

5. The bifunctional molecule according to Claim 1, wherein said targeting moiety binds to a protein. 

6. The bifunctional molecule according to Claim 4, wherein said protein that is bound by said targeting 
moiety is an extracellular protein. 

7. The bifunctional molecule according to Claim 1 , wherein said protein that is bound by said targeting 
moiety is an intracellular protein. 

8. A targeted synthetic bifunctional molecule of less than about 5000 daltons of the formula: 

Z-L-X 

wherein: 

X is a drug moiety; 

L is a bond or a linking group; and 

Z is a targeting ligand; 

wherein X and Z are different and said drug moiety has a modulated biodistribution upon 
administration to a host as compared to a free drug control. 
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9. The bifunctional molecule according to Claim 8, wherein said bifunctional molecule exhibits 
increased efficacy upon administration to a host as compared to a free drag control. 

10. The bifunctional molecule according to Claim 8, wherein said drug moiety has a molecular weight 
5 of from about 50 to 2000 D. 

1 1 . The bifunctional molecule according to Claim 8, wherein said drag moiety binds to a protein target. 

12. The bifunctional molecule according to Claim 8, wherein said targeting moiety binds to an 
1 0 extracellular protein. 

13. The bifunctional molecule according to Claim 8, wherein said targeting moiety binds to an 
intracellular protein. 

15 14. The bifunctional molecule according to Claim 8, wherein said bifunctional molecule comprises a 
linking group. 

15. The bifunctional molecule according to Claim 8, wherein said targeting moiety has substantially no 
pharmacologic activity apart from binding to an endogenous protein of said host. 

20 

16. A method for modulating the biodistribution of a drug upon administration to a host, said method 
comprising: 

administering to said mammalian host an effective amount of a bifunctional molecule of less than 
about 5000 daltons consisting of said drug or an active derivative thereof and a targeting moiety optionally 
25 joined by a linking group, wherein said bifunctional molecule has a modulated biodistribution upon 
administration to said host as compared to a free drug control; 

whereby said biodistribution of said drug upon administration to said host is modulated as compared 
to a free drug control. 

30 17. The method according to Claim 1 6, wherein said bifunctional molecule exhibits enhanced efficacy 
upon administration to said host as compared to a free drug control 

18. The method according to Claim 1 6„ wherein said bifunctional molecule exhibits reduced toxicity 
upon administration to said host as compared to a free drug control. 

35 
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1 9. The method according to Claim 16, wherein said targeting moiety binds to an intracellular protein. 

20. The method according to Claim 1 6, wherein said targeting moiety binds to an extracellular protein. 

2 1 . The method according to Claim 1 6, wherein said drug target is a protein. 

22. The method according to Claim 21 , wherein said bifunctional molecule comprises a linking group. 

23. The method according to Claim 21 , wherein said bifunctional molecule is aojninistered as a 
pharmaceutical preparation. 



24. A method for targeting a drug to an intracellular site of a mammalian host, said method comprising: 
administering to said mammalian host an effective amount of a bifunctional molecule comprising a 

drug moiety and a targeting moiety optionally joined by a linking group, wherein said drug and targeting 

moieties bind to intracellular proteins and said bifunctional molecule exhibits a modulated biodistribution 

upon administration to a mammalian host as compared to a free drug control; 

whereby said drug is targeted to an intracellular site of a mammalian host. 



25. The method according to Claim 24, wherein said bifunctional molecule comprises a linking group. 

26. The method according to Claim 24, wherein said bifunctional molecule does not include a linking 
group. 



27. A method for targeting a drug to an extracellular site of a mammalian host, said method comprising: 
administering to said mammalian host an effective amount of a bifunctional molecule comprising a 

drug moiety and targeting moiety optionally joined by a linking group, wherein said drug and a targeting 

moieties bind to extracellular proteins and said bifunctional molecule exhibits a modulated biodistribution 

upon administration to a mammalian host as compared to a free drug control; 

whereby said drug is targeted to an extracellular site of a mammalian host. 



28. The method according to Claim 25, wherein said bifunctional molecule comprises a linking group. 

29. The method according to Claim 25, wherein said bifunctional molecule does not include a linking 
group. 
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30. In a method of administering a drug to a host in need of said drug, the improvement comprising: 
administering to said host an effective amount of a bifunctional molecule of less than about 5000 

daltons consisting of said drug or a derivative thereof covalently linked, either directly or through an 
optional linking group, to a targeting moiety. 

5 

3 1 . The method according to Claim 29, wherein said host is a mammalian host. 

32. The method according to Claim 30, wherein said mammalian host is human. 
10 33. The method according to Claim 30, wherein said drug is a small molecule. 

34. The method according to Claim 30, wherein said targeting moiety binds to an endogenous 
biodistribution modulating protein. 

15 35. The method according to Claim 34, wherein said endogenous biodistribution modulating protein is 
an extracellular protein. 

36. The method according to Claim 34, wherein said endogenous biodistribution modulating protein is 
an intracellular protein. 

20 

37. A pharmaceutical preparation comprising a bifunctional molecule according to Claim 1 . 

38. A kit comprising the pharmaceutical preparation according to Claim 35 and instructions for use in a 
therapeutic method. 

25 
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linker) are provided such that upon entering a cell, Z can bind to its receptor 
protein (if present) and the effectiveness of X is thereby enhanced or 
inhibited, depending on the nature of the receptor for Z. Thus, a 
***bifunctional*** peptide (I) was prepd. which contained FK506 coupled to 
phosphotyrosyl-glutamyl-glutamyl-isoleucine (pYEEI), which binds to the SH2 
domains of tyrosine kinases Fyn and Lck and to the N-terminal SH2 domain of 
phospholipase C. gamma. ( PLC . gamma . ) . In the presence of FK506-binding protein 
52 ( FKBP52 ) , I bound the Fyn SH2 domain with 3-fold increased affinity. This 
effect was reversed by FK506, and was not mimicked by FKBP12 despite the 
similar structure of its binding domain to that of FKBP52; the increase in 
affinity with FKBP52 was presumably based on favorable protein-protein 
interactions between the Fyn SH2 domain and FKBP52 . On the other hand, 
formation of a FKBP12-I complex reduced the affinity of I for the PLC gamma 
SH2 domain but not for the Fyn or Lek SH2 domains, suggesting that formation of 
a binary complex may lead to unfavorable protein-protein interactions between 
the presenter protein and some targets but not other targets of the drug; 
therefore, formation of a complex between a bifunctional mol . and a 
presenter protein can be used to create specificity. The cell selectivity of a 
***bifunctional*** conjugate may be enhanced if the formation of a binary 
complex reduces binding of the drug to all of its targets in a cell that 
contains the presenter mol.; if an organism has cells that contain the 



presenter protein and other cells that do not, the cells lacking the presenter 
protein will be more affected by the bifunctional conjugate than 
cells expressing the presenter. Similarly, conjugation of penicillamine (an 
alk. phosphatase inhibitor) to p-aminosalicylic acid (a ligand for albumin) via 
glycine modulated the inhibitory activity of penicillamine toward 4 isoforms of 
alk. phosphatase in the presence of 100 .mu.M serum albumin, but not toward 8 
other isoforms. 
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WHAT IS CLAIMED IS : 

1 . A non-naturally occurring Afunctional molecule of less than about 5000 daltons 
consisting of a drug moiety and a presenter protein ligand, wherein said drug moiety and 

5 said presenter protein ligand are optionally joined by a linking group and said drug moiety 
has enhanced activity as compared to a free drug control. 

2. The Afunctional molecule according to Claim 1 , wherein said Afunctional 
molecule comprises a linking group. 

10 

3. The Afunctional molecule according to Claim 1 , wherein said drug moiety exAbits 
at least one of enhanced affinity, specificity or selectivity for its target as compared to a 
free drug control. 

15 4. The Afunctional molecule according to Claim 1 , wherein said drug moiety binds to 
a protein target. 

5. The Afunctional molecule according to Claim 1 , wherein said presenter protein 
ligand binds to an extracellular protein. 

20 

6. The Afunctional molecule according to Claim 1, wherein said presenter protein 
ligand binds to an intracellular protein. 

7. The Afunctional molecule according to Claim 6, wherein said presenter protein 
25 ligand is a ligand for a peptidyl prolyl isomerase. 

8. A synthetic Afunctional molecule of less than about 5000 daltons of the formula: 

Z-L-X 

wherein: 

30 X is a drug moiety; 

L is a bond or a linking group; and 

Z is a ligand for an endogenous presenter protein ligand; 

wherein X and Z are different and said drug moiety has enhanced activity as 
compared to a free drug control. 
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9. The Afunctional molecule according to Claim 8, wherein said drug moiety exhibits 
at least one of enhanced affinity, specificity or selectivity for its target as compared to a 
free drug control. 

10. The Afunctional molecule according to Claim 8, wherein said drug moiety has a 
molecular weight of from about 50 to 2000 D. 

1 1 . The Afunctional molecule according to Claim 8, wherein said drug moiety binds to 
a protein target. 

12. The Afunctional molecule according to Claim 8, wherein said presenter protein 
ligand binds to an extracellular protein. 

13. The Afunctional molecule according to Claim 8, wherein said presenter protein 
ligand binds to an intracellular protein, 

14. The Afunctional molecule according to Claim 13, wherein said presenter protein 
ligand is a ligand for a peptidyl prolyl isomerase. 

15. The Afunctional molecule according to Claim 8, wherein said presenter protein 
ligand has substantially no pharmacologic activity apart from binding to a presenter 
protein ligand. 

16. A method for producing a binary complex in a host, said method comprising: 
administering to said host an effective amount of a Afunctional molecule of less 

than about 5000 daltons consisting of a drug moiety and a ligand for a presenter protein 
endogenous to said host, wherein said drug moiety and ligand are optionally joined by a 
linking group; 

whereby a binary complex comprising said Afunctional molecule and presenter 
protein is produced that exAbits enhanced drug activity as compared to a free drug control. 

17. The method according to Claim 16, wherein said enhanced drug activity comprises 
at least one of enhanced affinity, specificity or selectivity of said drug moiety for a target 
of said drug moiety. 
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27. The method according to Claim 23, wherein said endogenous presenter protein is 
selected from the group consisting of: peptidyl-prolyl isomerases, Hsp90, steroid hormone 
receptors, cytoskeletal proteins, albumin and vitamin receptors. 

5 28. The method according to Claim 23, wherein said bifunctional molecule is 
administered as a pharmaceutical preparation. 

29. A method for producing an intracellular tripartite complex in a mammalian host, 
said method comprising: 

10 administering to said mammalian host an effective amount of a bifunctional 

molecule comprising a drug moiety and an endogenous presenter protein ligand, wherein 
the target of said drug and said endogenous presenter protein are intracellular proteins; 

whereby said bifunctional molecule binds to said drug target and endogenous 
presenter protein to intracellular^ produce said tripartite complex, wherein said tripartite 

15 complex is characterized by the presence of presenter protein target binding interactions 
which result in enhanced drug activity as compared to a free drug control. 

30. The method according to Claim 29, wherein said target protein is an enzyme 

20 31. The method according to Claim 29, wherein said endogenous presenter protein is 
selected from the group consisting of: peptidyl prolyl isomerases, Hsp90, steroid hormone 
receptors and cytoskeletal proteins. 

32. The method according to Claim 31, wherein said endogenous presenter protein is a 
25 peptidyl prolyl isomerase. 

33. A method for producing a binary complex in a host, said method comprising: 
administering to said host an effective amount of a bifunctional molecule 

comprising a drug moiety and a ligand for a presenter protein endogenous to said host; 
30 whereby a binary complex comprising said bifunctional molecule and presenter 

protein is produced that exhibits enhanced specificity for a target of said drug moiety 
target as compared to a free drug control. 

34. The method according to Claim 33, wherein said ligand for a presenter protein is a 
35 peptidyl prolyl isomerase. 
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35. A method for enhancing the selectivity of a drug for a target in a first cell as 
compared to a second cell, said method comprising: 

contacting said first and second cells with a Afunctional molecule comprising said 
drug and a ligand for a presenter protein present in said second cell but not in said first 
5 cell; 

whereby a binary complex comprising said Afunctional molecule and presenter 
protein is produced in said second cell but not said first celL 

36. The method according to Claim 35, wherein said drug moiety is an antimicrobial 
10 agent. 

37. The method according to Claim 35, wherein said ligand is a peptidyl prolyl 
isomerase ligand. 



38. In a method of administering a drug to a host in need of said drug, the 
improvement comprising: 

administering to said host an effective amount of a Afunctional molecule of less 
than about 5000 daltons consisting of said drug or a fragment thereof covalently linked, 
20 either directly or through an optional linking group, to a ligand for a presenter protein 
endogenous to said host. 

39. The method according to Claim 38, wherein said host is a mammalian host. 
25 40. The method according to Claim 39, wherein said mammalian host is human. 

41 . The method according to Claim 38, wherein said drug is a small molecule. 

42. The method according to Claim 38, wherein said drug binds to an extracellular 
30 target. 

43. The method according to Claim 38, wherein said drug binds to an intracellular 
target. 



50 



WO 99/61055 PCT/US99/1 1296 

44. The method according to Claim 43, wherein said presenter protein ligand is a 
peptidyl prolyl isomerase. 

45. A method of making a Afunctional molecule comprising a drug moiety that 

5 exhibits at least one of enhanced affinity, specificity or selectivity as compared to the 
corresponding free drug, said method comprising: 
identifying a drug moiety; 

preparing a library of Afunctional molecules comprising said drug moiety and a 
ligand for a presenter protein, wherein each Afunctional molecule shares a common ligand 
10 and drug moiety separated by a variable linking; and 

screening said library to identify those members having at least one of enhanced 
affinity, specificity or selectivity as compared to the corresponding free drug. 



15 46. A pharmaceutical preparation comprising a Afunctional molecule according to 
Claim 1. 

47. A kit comprising the pharmaceutical preparation according to Claim 46 and 
instructions for use in a therapeutic method. 
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4 FILES SEARCHED. . . 
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=> s 11 and biodistribution 

L2 54 75 LI AND BIODISTRIBUTION 

=> s 12 and "less than about 5000 daltons" 

L3 0 L2 AND "LESS THAN ABOUT 500 0 DALTONS" 

=> s 12 and bifunctional molecule 

1 L2 AND BIFUNCTIONAL MOLECULE 

=> d 14 cbib abs 



L4 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2001 ACS 

2001:380414 Document No. 134:371812 Targeted bifunctional 

molecules and therapies based thereon. Briesewitz, Roger; 
Crabtree, Gerald R. ; Wandless, Thomas (Board of Trustees of the Leland 
Stanford Junior University, USA). PCT Int. Appl . WO 2001035978 Al 
20010525, 31 pp. DESIGNATED STATES: W: AE , AG, AL , AM, AT, AU, AZ BA 
BB, BG, BR, BY, B2 , CA, CH, CN, CR, CU, CZ , DE , DK, DM, DZ, EE, Es/fi/ 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP , KE , KG, KP, KR, KZ , LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ , NO, NZ , PL PT 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ , UA, UG, US, UZ , VN,' 
YU, ZA, ZW, AM, AZ, BY, KG, KZ , MD, RU, TJ, TM; RW : AT, BE, BF, BJ CF 
CG, CH, CI, CM, CY, DE, DK, ES , FI , FR, GA, GB, GR, IE, IT, LU, MC, ML,' 
MR, NE, NL, PT, SE, SN, TD , TG, TR. (English). CODEN : PIXXD2 . 
APPLICATION: WO 2000-US31702 20001117. PRIORITY: US 1999-PV166580 
19991119. 

AB Targeted bifunctional mols . and methods for 

their use are provided. The subject targeted bifunctional 

mols. are conjugates of a drug moiety and a targeting moiety, 

where these two moieties are optionally joined by a linking group. The 

bifunctional mols. are further characterized in that 

they exhibit a modulated biodistribution upon administration to 

a ^ host as compared to a free drug control. The subject targeted 

bifunctional mols. find use in a variety of therapeutic 

applications. For example, a bifunctional mol . 

consisting of a drug moiety covalently joined to sulf isoxazole which is 
extensively bound by albumin, via an inert linking group is formed. When 
this bifunctional mol. enters the human circulation, 
it is bound by albumin which keeps the drug of interest in the 
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(FILE 'HOME* ENTERED AT 18:45:01 ON 18 SEP 2001) 

FILE 'MEDLINE, EMBASE, BIOSIS, SCISEARCH, CAPLUS ' ENTERED AT 18:45:15 ON 
18 SEP 2001 
LI 9147254 S METHOD 

L2 5475 S LI AND BIODISTRIBUTION 

L3 0 S L2 AND "LESS THAN ABOUT 5000 DALTONS " 

L4 1 S L2 AND B I FUNCTIONAL MOLECULE 

=> s 12 and molecule 

L5 4 02 L2 AND MOLECULE 

=> s 15 and biodistribution 

L6 4 02 L5 AND BIODISTRIBUTION 

=> s 16 and "5000 daltons" 

L7 0 L6 AND "5000 DALTONS " 

=> s 15 and "5000" 

L8 1 L5 AND "5000" 

=> d 18 cbib abs 



L8 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2 001 ACS 

1994:465435 Document No. 121:65435 Biodistribution and antitumor 

effect of adriamycin encapsulated in long-circulating liposomes 
containing 

amphipathic polyethylene glycol or ganglioside GM1 . Maruyama, Kazuo; 
Okamoto, Aki ; Ishida, Osamu; Kojima, Shu j i ; Suginaka, Akinori; Huang, 
Leaf; Iwatsuru, Motoharu (Fac. Pharm. Sci., TeikyoUniv., Sagamiko, 
199-01, Japan). J. Liposome Res. 701-23 (English) 1994. CODEN: JLREE7 . 
ISSN: 0898-2104. 

AB Biodistribution and antitumor effect of adriamycin (ADM) 

encapsulated in liposomes with reduced uptake by reticuloendothelial 
system (RES) and prolonged circulation time were investigated in mice. 
Two different types of long-circulating liposomes, ganglioside GM1 
(GM1) /distearoylphosphatidylcholine (DSPC) /cholesterol (CH) (0 . 13 : 1 : 1) 
and amphipathic polyethylene glycol (PEG) /DSPC/CH (0.13:1:1) were used. 
They were sized to 180-200 nm in mean diam. In the case of amphipathic 
PEG, distearoylphosphatidylethanolamine (DSPE) derivs . of PEG with 

various 

mol . wt . (1000-12,000 in mean mol . wt . ) were used. ADM 
was encapsulated by transmembrane pH gradient method. 

GM1/DSPC/CH liposome entrapped ADM with over 95% in trapping efficiency 
and its drug retention after incubation with 2 0% serum in PBS (pH 7.4) 

for 

24 h was 92%. Similar results were obtained with liposomes contg . 

amphipathic PEG with av. mol. wt . of 1000, 2000 and 3000. 

However, the liposomes contg. high mol. wt . PEG such as 

5000 and 12,000 showed decreased trapping efficiency such as 82% 

and 60%, resp. ADM-GMl/DSPC/CH liposomes and ADM-PEG/DSPC/CH liposomes 

showed low uptake by RES and high blood concn. at 6 h after i.v. 

injection, compared with ADM-DSPC/CH liposomes. ADM-PEG1000/DSPC/CH 
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liposomes showed the highest concn. in blood among all PEG- liposomes 

ADM 

concns. assocd. with RES (liver and spleen) of ADM-PEG100 0/DSPC/CH and 
ADM-GMl/DSPC/CH were lower than that of ADM-DSPC/CH over the entire 24 -h 
period. The antitumor efficacy of liposomal ADM was estd. in the L1210 
leukemia tumor-bearing mice. Free ADM or liposomal ADM was injected at a 
dose of 2.0 or 5.0 mg/kg one day after tumor cell inoculation. When 
treated at a dose of 2 . 0 mg/kg, liposomal ADM displayed antitumor effect 
similar to that of free drug. The administration of ADM-GMl/DSPC/CH or 
ADM-PEG1000/DSPC/CH liposomes at a dose of 5 . 0 mg/kg to tumor bearing 

mice 

induced prolonged survival with 100% survival rate for at least 60 days 
after treatment . 
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Lll ANSWER 1 OF 7 CAPLUS COPYRIGHT 2 001 ACS 

2001:380414 Document No. 134:371812 Targeted bifunctional 

molecules and therapies based thereon. Briesewitz, Roger 

; Crabtree, Gerald R. / Wandless, Thomas (Board of 

Trustees of the Leland Stanford Junior University, USA) . PCT Int. Appl . 
WO 2001035978 Al 20010525, 31 pp. DESIGNATED STATES: W: AE , AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ , DE , DK, DM, 
DZ, EE, ES, FI, GB, GD, GE , GH, GM, HR, HU, ID, IL, IN, IS, JP , KE, KG, 
KP, KR, KZ, LC, LK, LR, LS , LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ , 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ , UA, 
UG, US, UZ, VN, YU, ZA, ZW, AM, AZ , BY, KG, KZ , MD, RU, TJ, TM; RW • AT 
BE, BF, BJ, CF, CG, CH, CI, CM, CY, DE, DK, ES , FI, FR, GA, GB, GR, IE, 
IT, LU, MC, ML, MR, NE , NL, PT, SE, SN, TD, TG, TR . (English) . CODEN: 
PIXXD2. APPLICATION: WO 2000-US31702 20001117. PRIORITY- US 
1999-PV166580 19991119. 
AB Targeted bifunctional mols. and methods for their use 
are provided. The subject targeted bifunctional mols. 

are conjugates of a drug moiety and a targeting moiety, where these two 
moieties are optionally joined by a linking group. The 
bifunctional mols. are further characterized in that 

they exhibit a modulated biodistribution upon administration to a host as 
compared to a free drug control. The subject targeted 
bifunctional mols. find use in a variety of therapeutic 
applications. For example, a bifunctional mol . 

consisting of a drug moiety covalently joined to sulf isoxazole which is 
extensively bound by albumin, via an inert linking group is formed. When 
this bifunctional mol. enters the human circulation, 
it is bound by albumin which keeps the drug of interest in the 
extracellular environment. 

Lll ANSWER 2 OF 7 CAPLUS COPYRIGHT 2 001 ACS 

2001:380323 Document No. 134:361342 Drug conjugates with pharmacokinetic 
modulating moieties, and therapies based thereon. Briesewitz, 
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AB 



Roger; Crabtree, Gerald R . ; Wandless, Thomas (The 

Board of Trustees of the Leland Stanford Junior University, USA) . PCT 
Int. Appl. WO 2001035748 Al 20010525, 38 pp. DESIGNATED STATES: W: AE , 
AG, AL, AM, AT, AU, AZ , BA, BB, BG, BR, BY, BZ , CA, CH, CN, CR, CU, CZ , 
DE, DK, DM, DZ, EE, ES , FI , GB, GD, GE , GH, GM, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KP, KR, KZ , LC, LK, LR, LS , LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, TZ, UA, UG, US, UZ , VN, YU, ZA, ZW, AM, AZ , BY, KG, KZ , MD , RU, TJ, 
TM; RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, CY, DE , DK, ES , FI, FR, GA, 
GB, GR, IE, IT, LU, MC , ML, MR, NE , NL , PT, SE, SN, TD, TG, TR . 
(English). COD EN : PIXXD2 . APPLICATION: WO 2000-US31701 20001117. 
PRIORITY: US 1999 -PV166633 19991119. 
AB Bifunctional mols . and methods for their use are 

provided. The bifunctional mols. of the invention are 

conjugates of a drug moiety and a pharmacokinetic modulating moiety, 

optionally joined by a linking group. The bifunctional 

mols. are further characterized in that they exhibit at least one 

modulated pharmacokinetic property upon administration to a host as 

compared to a free drug control. The subject bifunctional 

mols. find use in a variety of therapeutic applications. 

Lll ANSWER 3 OF 7 CAPLUS COPYRIGHT 2 001 ACS 

2001:203206 Cell - selective detoxification by borrowing endogenous proteins. 
Lin, Yun-Ming; Braun, Patrick D.; Ray, Gregory T. ; Wandless, Thomas 
J. (Department of Chemistry, Stanford University, Stanford, CA, 
94305, USA). Abstr. Pap. - Am. Chem. Soc . , 221st, ORGN-698 (English) 
2001. CODEN: ACSRAL . ISSN: 0065-7727. Publisher: American Chemical 
Society . 

Undesired side effects to mammalian cells are often encountered in enzyme 
inhibitor-based chemotherapy. Potential cell-selective detoxification 
could be achieved by converting therapeutic agents into 
bifunctional mols. capable of recruiting endogenous 

proteins unique to mammalian cells as their protecting groups. Covalent 
attachment of a dihydrof olate reductase (DHFR) inhibitor to a synthetic 
ligand (SLF) for FK506 binding proteins (FKBP) affords a 
bifunctional mol . which retains efficacy against DHFR. 
However, this efficacy is diminished or lost in the presence of FKBP, 
presumably due to unfavorable protein-protein interactions in the 
trimeric 

complex. Borrowing endogenous proteins by bifunctional 

mols. to achieve cell-selective detoxification could provide a 

novel strategy for drug development. The synthesis and biochem. assay of 

a bifunctional mol. for DHFR and FKBP will be 

presented. 

Lll ANSWER 4 OF 7 EMBASE COPYRIGHT 2001 ELSEVIER SCI. B . V . DUPLICATE 1 
2000439781 EMBASE Mechanistic studies of affinity modulation. Rosen M.K.; 

Amos CD.; Wandless T.J.. T.J. Wandless, Department of 

Chemistry, Stanford University, Stanford, CA 94305, United States. 

wandless@stanford.edu. Journal of the American Chemical Society 122/48 

(11979-11982) 6 Dec 2000. 

Refs: 23. 

ISSN: 0002-7863. CODEN: JACSAT . Pub. Country: United States. Language: 
English. Summary Language: English. 
AB A synthetic ligand for the protein FKBP12 was covalently linked to a 
peptide ligand (pYEEI) for the Fyn SH2 protein to create a 
bifunctional molecule called SLFpYEEI. This 
bifunctional molecule can simultaneously bind both 

proteins to form a trimeric complex. When SLFpYEEI is precomplexed with 
FKBP12, the peptide ligand binds 6-fold more weakly to the Fyn SH2 domain 
than SLFpYEEI alone. Isotope-edited NMR spectroscopy was used to 
investigate the molecular basis for the observed reduction in affinity. 
The results suggest that interactions between the pYEEI peptide and 
FKBP 12 
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may play a significant role in diminishing the affinity of SLFpYEEI for 
the Fyn SH2 domain. 

Lll ANSWER 5 OF 7 CAPLUS COPYRIGHT 2 001 ACS 

2000:332410 Improving protein-ligand interactions.. Wandless, Thomas 
J. {Department of Chemistry, Stanford University, Stanford, CA, 
94305-5080, USA) . Book of Abstracts, 219th ACS National Meeting, San 
Francisco, CA, March 26-30, 2000, ORGN-283. American Chemical Society: 
Washington, D. C. (English) 2000. CODEN: 69CLAC. 

AB One strategy to improve the binding between a small mol . ligand and its 
protein receptor is to increase the surface area at the binding 

interface . 

Addnl. interactions may contribute, either pos . or neg., to the overall 
free energy of binding. We have developed a potentially general method 

to 

improve or diminish the binding affinity between a ligand and its protein 
target. The X-ray structures of two different small mols. bound to two 
different protein targets were analyzed. Synthetic chem. was used to 

link 

the two compds., thus creating a bifunctional ligand for both proteins. 

When tethered with the proper geometry, the bifunctional 

mol. allows both protein receptors to bind simultaneously, and 

addnl. protein-protein interactions are created that contribute pos. or 

neg. to the overall stability of the trimeric complex. 

Lll ANSWER 6 OF 7 CAPLUS COPYRIGHT 2 001 ACS 

1999:763899 Document No. 132:15629 Bifunctional molecules 

and therapies based thereon. Briesewitz, Roger; Crabtree, 

Gerald R . ; Wandless, Thomas; Ray, Gregory Thomas; Vogel, 

Kurt William (The Board of Trustees of the Leland Stanford Junior 

University, USA). PCT Int. Appl . WO 9961055 Al 19991202, 67 pp. 

DESIGNATED STATES: W: AE , AL, AM, AT, AU, AZ , BA, BB , BG, BR, BY, CA, 

CH, 

CN, CU, CZ, DE, DK, EE, ES , FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS , LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT # RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
UA, UG, UZ, VN, YU, ZA, ZW, AM, AZ , BY, KG, KZ , MD, RU, TJ, TM; RW : AT, 
BE, BF, BJ, CF, CG, CH, CI, CM, CY, DE, DK, ES , FI, FR, GA, GB, GR, IE, 
IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG . (English) . CODEN: 
PIXXD2 . APPLICATION: WO 1999-US11296 19990521. PRIORITY: US 1998-86451 
19980522 . 

AB Non-naturally occurring bifunctional conjugates Z-L-X (Z = ligand that 
binds to a specific presenter protein; X = drug moiety; L = optional 
linker) are provided such that upon entering a cell, Z can bind to its 
receptor protein (if present) and the effectiveness of X is thereby 
enhanced or inhibited, depending on the nature of the receptor for Z. 
Thus, a bifunctional peptide (I) was prepd. which contained FK506 coupled 
to phosphotyrosyl -glutamyl -glutamyl -isoleucine (pYEEI) , which binds to 

the 

SH2 domains of tyrosine kinases Fyn and Lck and to the N-terminal SH2 
domain of phospholipase C. gamma. ( PLC . gamma .) . In the presence of 
FK506-binding protein 52 (FKBP52) , I bound the Fyn SH2 domain with 3-fold 
increased affinity. This effect was reversed by FK506, and was not 
mimicked by FKBP12 despite the similar structure of its binding domain to 
that of FKBP52; the increase in affinity with FKBP52 was presumably based 
on favorable protein-protein interactions between the Fyn SH2 domain and 
FKBP52. On the other hand, formation of a FKBP12-I complex reduced the 
affinity of I for the PLC. gamma. SH2 domain but not for the Fyn or Lek 

SH2 

domains, suggesting that formation of a binary complex may lead to 
unfavorable protein-protein interactions between the presenter protein 

and 

some targets but not other targets of the drug; therefore, formation of a 
complex between a bifunctional mol. and a presenter 
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than 



protein can be used to create specificity. The cell selectivity of a 
bifunctional conjugate may be enhanced if the formation of a binary 
complex reduces binding of the drug to all of its targets in a cell that 
contains the presenter mol . ; if an organism has cells that contain the 
presenter protein and other cells that do not, the cells lacking the 
presenter protein will be more affected by the bifunctional conjugate 

cells expressing the presenter. Similarly, conjugation of penicillamine 
(an alk. phosphatase inhibitor) to p-aminosalicylic acid (a ligand for 
albumin) via glycine modulated the inhibitory activity of penicillamine 
toward 4 isoforms of alk. phosphatase in the presence of 100 .mu.M serum 
albumin, but not toward 8 other isoforms. 



Lll ANSWER 7 OF 7 MEDLINE DUPLICATE 2 

1999162539 Document Number: 99162539. PubMed ID: 10051576. Affinity 

modulation of small -molecule ligands by borrowing endogenous protein 

surfaces. Briesewitz R; Ray G T; Wandless T J; 

Crabtree G R . (Howard Hughes Medical Institute, Stanford 

University, Stanford, CA 94305, USA. ) PROCEEDINGS OF THE NATIONAL 
ACADEMY 

OF SCIENCES OF THE UNITED STATES OF AMERICA, (1999 Mar 2) 96 (5) 1953-8. 
Journal code: PV3 ; 7505876. ISSN: 0027-8424. Pub. country: United States. 
Language : English . 

AB A general strategy is described for improving the binding properties of 
small-molecule ligands to protein targets. A bifunctional 
molecule is created by chemically linking a ligand of interest to 
another small molecule that binds tightly to a second protein. When the 
ligand of interest is presented to the target protein by the second 
protein, additional protein-protein interactions outside of the 
ligand-binding sites serve either to increase or decrease the affinity of 
the binding event. We have applied this approach to an intractable 

target , 

the SH2 domain, and demonstrate a 3 -fold enhancement over the natural 
peptide. This approach provides a way to modulate the potency and 
specificity of biologically active compounds. 
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